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(54) ASSOCIATIVE MEMORY 

(57) Abstract: 

PROBLEM TO BE SOLVED: To incorporate a spare CAM 
word as a redundancy circuit and to improve yield of 
products without increasing circuit scale and an output 
delay time. 

SOLUTION: This associative memory incorporates a 
spare CAM word as a redundancy circuit in addition to a 
plurality of CAM words. Address information of a 
defective CAM word included in a plurality of CAM words, 
the memory is controlled so that a defective CAM word is 
substituted by a spare CAM word conforming to address 
information of the defective CAM word, an address of the 
defective CAM word is substituted by an address of the 
spare CAM word, while an detection coincidence output of 
the defective CAM word is substituted by an detection 
coincidence output of the spare CAM word. 
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KKAD^T. TtftHISStbTO^fiScDCAMy-H&JS 
«LTV>3. ffilScDCAM'7— b'K^ftS^CAM 

©:/*Kb;*tt?gtct£o-?\ ?scAM>7-h'i:?i©c 

AM9 - K 4 Ahf ^ 5 i ^ CMffll t> ^CAM9- 
Y<D7 Y Is* £¥ffi<DCAMV— YCOT H l/^SAtvf 
*3i:tt{c, ^dOCAM^-KCD^-Stai^i:^ 
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U-CCD?!® CAM9- K bfe^SSU * 'J T*&o 
T, 

^©MfBCAMy-Kfc^tt-S^ftCAM?- F© 

£ CD F R 7* U 7 s 3 -y $ n-C 5 ^ C A M V - 
Y<DTY\s*mmX.V&y, BufB^UCDCAMy-K^M 
fflbT, mi§3^^CAMV-K«tDt)±(4 (*fc(iT 
{4) 7> Kl^tfjCmifBCAMy— Y<D7 YXsttisy V 10 
•TSJ^KftJffli-rstgl©^:? rSWIDg&i:, 

y vvmm^um^vt-ox, i ( i a 1 eunasft) 

SS©Hul3T&CAMy-Ki5*±{a (£fcl±T(4) 
T r* Ix^^ScOhuIBC AM7- Y<OT Y U7s* i<Ht*o± 
{4 (SfeliTti) 7 Kl/^«Ci/7 btSi 1 ©i^7 b 

S5S3 F R 7 U ^3 nt V> 5 C A M V— 
Y(D7YUXffimi£Q&\ miia^fiicDCAMy— K*« 

buIB^&CAM?- r*<fc»)fc±<4 (^fcfcTF 20 
ffi) T F 1/ X{H!l© huIB C A M V — r* ©T H U 7. * 7 r 

iSgOitiiia^&CAMy— K£9fe±ffi (£fctt 
Ttfc) TKl/^ffi!lfflB«fBCAM , 7— l*©?" HI/** ifl 

u. 

[8t5fc*2] aSt©CAMV-K{cAD^-Cs ftftlalii&i: 
bT©^fit©CAMy-H£&«bfc&$l^'JT-;i?>o 30 
T, 

^©huIBC AM9- Ktt*ft5^ICAM9- K© 
CKDFRT'U^n— yfcfiy#£ftT<,<>5^&CAMr7— 

fflbT, miR^CAMy— r*«fc»)*>±{4 (SfcfcTF 
(4) T H V y>ffl<Dma&C AM 1 ? — Y<DT Y U7\$t$ / y h 

-rzz oleum-? ^y hMii3Kfc> 

®®E&CD$iJffl!fct£o-T\ i (ifcilfcU:©ggO SB© 40 
Buf3^SCAMy-K«t»)t)±{4 (ifcttTtiO 7FU 
^ffi!l©Hui3CAMy— h-©7h-l/74iifoHiE (£ 
fcttTGO 7 H U7fflC^7 h tSi 1 ©<>7 hiS5 

Si©mii3^ACAM'7— KJ;D4>±{4 (*&l£T{4) 
7 Y W^ffiJOHolBC AM9 — F©T i I1*oT 

[S§i8©Plffl£Siiifn 50 
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[0 0 0 1] 

T, CAM (Content Addressable Memory) i:V>-5) , 
<fc!)§£b<tt> ^©CAM7- K^^dODCAMy — 

r* t xtimjLxmm-i-zmm&ffiZ-tz c amkbi-t s *> 

©Tr&5. 
[0 0 0 2] 

[t£3fc©i£ffi] 08fcJu Vti&<oCAM<D--m<Dmj$Mv& 
0tr$)So PH2K:^-rCAM5 4tt, 2 5 (2 
5 6Row) fr(DCAMV-Y*ffiZ.2>CAM7>l/'( 

(CAM Array) 5 6 7KU7i?ADR [7 : 0] £ 
f3-b't5n'>f3-j'' (Row Decoder)5 8 t.^ rftfe 
(DmftMGLKL'ifc^X, — ^CDt&tb^ftfcCAM 1 ?— K© 
7YV7.*m#.^-3-Y-?Z>7y'(* x )T4^y3- 
¥ (Priority Encoder) 6 0 fcA^SUS^tvtV^o 

[0 0 0 3] 0^fflCAM5 4T^ Di)f3-y5 
8K«fc?K ^a5A»f,A7J$nfcTKl/^«^ADR 

[7 : 0] VlttfolstzC AMV— Y&MtfliSiX. §3185* 

^fflCAM7-KC I3<1S^ tlfclBfit^— ^ £ 

-Sttf^tB^nfcCAMU'-K©^^ UTh'V 

[0 0 0 4] SRAM (7^r-f f^RA 

M) -$>DRAM Wt5>^RAM) ^©S^©^ 
^t'Jttt, fe^^btoTtSHKfcbT^©^^') 
>7- r*£IS!W-T:i3g, ^^©^^U^-K* 5 ^^^® 
-&tr, ^©^^^^'J^-K^^iiSO^^'Jy-KhA 
n#^.Sdi:K:J:>3«tiSb, *##:^V©#@!)£|q] 

[0 0 0 5] b*>U GAM5 4tli, ^©*^A©« 
ji#am©^#^ ; eUi:a:7<:§<P^S-i:^ =r- 
tHDV—Y/y-f Y<DT^±y.m<D7' YU^-MIR (^3 
— Y) 1zttX-l£<. -BctteHa, S5feJlBti^t«oT-lt 

«cSrb5fe{t^^«^:e>^V^35:if, C AM 5 4{C^©^fg 
-S>®S§#fm«g©3lE&fc:«t: ^©CAM7-K©W 

[0006] kit, ^^e*©cAM©7c^llKB[^g^c-=>v^ 

[0 0 0 7] 09tt, S^K©CAM©SU©0a©«fi£mBS 
0t-fe5. IllEtl^f CAM6 2{±. TtSElBtt^ig 
fflbfct>©T% 08CfxtCAM5 4lC*iV^T, ^ & 

FR7Ur3-y6 4i:, l&S-^Sg&gl aogi 
cal-to-Physical Converter) 6 6h 7 ^ ;i/D ^t 1 ^ 
— PfS&Vyx.'f )\>vt>"r4 7,^— (Fail Bow Dec 
oder & Fail Row disable) 6 8i:, Vam-mWm& 

(Physical-to-Logical Converter)7 0i:$:^lx.TV^ 
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[0 0 0 8] E^#I©CAM6 2fc:fcVvt> CAM71/ 
■i 5 6tt, iim©2 5 6<7— K^-CDCAMy— HRO, , 
Rl, R2, R2 5 5©ft, 1 V— K^-©^{g©c' 
AM 1 ?— h*R2 5 e^fiff^T^-So FR7'Jr3 

If||fREDUN_EBL^ HCAM?-^^ 
C©^&CAMy-F©7*KW;*{H§ 
FA I LAD R [7 : 0] tmmZixX^Z. 
[0 0 0 9] tt9-«9XtftS6 6fli; 

AMy-K*J#H3Eb^V->J©-& (i^REDUN_EBL 
= 0) , 7Fl/7g^ADR [7 : 0] fcfc^©£;featt/ 

^CAM>7-KAs^-r««^ (IfREDUN_EB 
L=l) x ^gBA^A^ft&T Fl/XlfADR 
[7 : 0] h?ICAM7- ^©7 H l^ft^F A I L 
ADR [7 : 0] £<D*:'hit®iit?it>tlZ> a 

[ooio] ccf. si o (a) ^c^•r«t^^c^ ad 

R [7 : 0] SFAILADR [7 : 0] T*&ftfcE> T 
Kl/^fiWADR [7:0] £fci 1 #iDff S*V M^P 

ADR [8 : 0] tbtD->r3-y5 8^At)Ztl 

So ^CAM^t-WPl/^ttKC^t'; 

TKU^ttl"3r-3*5T« , fen*. — *s ADR 
[7:0] <F A I L AD R [7 : 0] T-fcfUix 7H 

1/XlfADR [7 : 0] {^00*^0^^3-^5 8 

[0 0 11])&i\ D"i7^3— ^5 8, CAM7V^f5 
efcivr^d-yy-r cn>3-y6 0©|&tfM;iu ^SB 
A>e.7FMlfADR [7 : 0] ifiA1l$tlZftt> *) 
fc, K!-«!XjMg6 6*67Kl/^«fP_ADR 

[8:0] #A;tj;*fti>;&£BfcV'>T> 0 8tf>tCAM 
5 4©«^i:PIU.T*^5o £*u 7oi^;i/D^^n-^ 
^cfctt^W ;i/D ^;i/6 8tt v ^gCAM 

5*>©T-fc§. 

[0 0 12] $>3S-i§JI£gli§7 0T-t£, ^ 

CAMy-Ftf^bfcVxtgllr (Sf REDUN EB 

L=0), ^^ft'Jf-f x>3-^6 Ofrf>A*Sn 

fcT" Yl/^S^P HHA [7 : 0] tt^©* 

CfttSU ^ICAM7- Y Zm-S 

(i^REDUN_EBL=l) , ^-U^-Y^> 
3-^6 0A>?,A*SJxfe7K^ifP_HHA 

[8 : 0] i:^ICAM7-K07Kl/7lf FA I L 
ADR [7 : 0] £©*/>it«t#?Tfc>ft£. 

[0 0 1 3] ClClTN El 0 (b) izm-f£5lz, P_ 
HHA [8 : 0] ^FAILADR [7 : 0] tltbix 
fcf, 7h'l/XMADR [7:0] 1 
ft, gfHHA [7 : 0] i:LTHi*$n5. ?K 
^ICAM9- H©7 K l^filBfc©.* € 'J 7 h* l^tt 1 

o-T^?)±lf 5>ft5o — 2k P HHA [8 : 0] < 

FAILADR [7 : 0] T-feftK, 7FMiltP_ 
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HHA [7 : 0] tt, fs^HHA [7 : 0] iibT*© 

[0014] C AM 6 2 T-tt> E 1 1 fcjjvT 

<t-5t, 0!litKP 3©CAMV— F^fiCAM9- K 
-C-fcSt§-&, ^gi5a»£A;fr;*ft.S7'Kl';*{f^ADR 
li N §&3-*Kl3&&gg6 6fc.fctK P0~P2©^U 
TK>^tt-e©*$Ul*^^ P 3tlB©y€'J7KU 
^ttlofoi^t)T^e.n5c ^>3-K&©* 
€'J7l'l/7tt, WI-lgi3Ig&S§7 OfcJ;!), P 0~ 
10 P2©^^UTHV^{±^©**m^^^ P4feip$© 

[0 0 15] bfc#ot\ TYUXm^VXtiM (^rJ 

£1-95©^ >* — 7fWgCAM7-b-CD# 
£££ < MMi- £ £ fcfc < C AM 6 2 £<sgffl-r -5 C i: # 

[0 0 16] 

[&fE#fl?8lU<k5i:-r-5ISS] b*>b&#£>, ft#© 
20 Km®&t£ffi%mm\stz CAM 6 2-eB:, ^/Mt«[3g& 
^AD^Sg&ffifflbTllSTHU'* WSBA^A*/;**!, 

KV*) fc£*i5£gg|bTVNSfc«>, ^©@S&3a#t# 

7" Kb-*©tiJ;*j£3glt?- £fc«>©[HlE&6 8 

KJIII]g&£®anb;fcc:fcK:<fcS®«©i£*#*§fc 

[0 0 17] IZWt-ZW-Y/'H h©T* 

30 frfcftS©"^ ^:R@E&#KW-e>ftTV'>3S:V'vCAM5 4 

feS. ci©Ui*jlM^FHtt, A'hltigtEI&^Aa&Sffgg© 
0S&#tf£fc J; £ # 1 ~ 2 n s W± i: S £ i: *> & % 
iRft, — at^^©^^eyT KL'^©oi>n— Htti^J 
tt, CAM©^^^^{ct)^t>S^;FpaSi:«:S. 
[0 0 18] *#g^©BWtt, HuIH^tt^{cat3<p c g 

fc*<> 5t«(H]SSi:bT©^CS©CAM!7-KS}gtt 

40 «l#t-rsci:{cfeSo . 
[0 0 19] 

[HS*s?*t--5fc«)©^S!] ±.msm*mj&tz>tztb 

*^lix ffiSc©CAM«7-KK:lin^Tx 7t«Eis& 
h bx©^d© c a m-7- y *m m bfca«^ ^& U 

oT, SSt©mii3CAMy— Kt^^nS^CAMy 
-F07h-l/^M^t5FR7>j7 : 3-yt d 
g) JR7'JrJ- >ytCfe^F^jxTV%S^CAM7— K 

50 T'Hb-^ilOHugBCAMV— H©7Kt^X&->7 h-j-5 
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(Pmfflkfc^X, i ( i tt 1 Et±<PME») SiOiiugB^ 
jjutBCAMV— K<py K UX&i<@-fo±fe (»fettT 

jjugB^aCAMy-K J;?) fe±ffi (3;fcKT{a) y 
Kl^^ffi!|g)HU§BCAM'7— Kl^X^->7 pf 5 «*■ 10 

§3^jaCAM7-FJ;t)fe±{ft (»fe&T(ft) 7h'l/^ 



^©BugBCAMy— h-CDTHU^^ifB-roTfe 
T-fcS, 

[0 0 2 0] *$ffltii* KCiP 

it, KllHSSi:LtO?ffiOCAM9- KSJSffibfc 
fcfi^ytffcoTx aScOHulBCAMy-FtC^S^l 20 

5 ^fi c a m y - k ©y b* !✓ xmm*uft-rz f r t* u 

ICAM9-HC7 KU^M4RK:{£V\ BufB^fiS© C A 
My — r*£M«bT % fuiB^CAM'7-h*«fct)*)±(4 

(^fcfcfcTtfc) y k^^j©bI}|bcamv— K©y fv 

*©U — rV^-f b<DT#-txmi£, ffiifr>7bPm® 
ES©$iJ©{c^oT, i (ittlJW±©SIS) SS©huIB 
^JlCAMy-r*«fc»)*>±<i (£fc(±T{£) yKUJMIGI 
©migBCAMy— r*©y b\s*% iffi-r-z>±tiL 30 
T&) y Kl/^«CS/7 ht-5^1©->7 MSSSi:, & 
s$HMPi$£> mfg3^7 K$iJffllIl]E§©$iJffll^-pT, iS 
B©migB^CAMy-K«t (£fcfci:T{i) T 

Y V ^ffia©HUgB CAMy-bWb'MSi fflf-oTffi 
(*fcfcfc±{ft) y Kl/^i){:->7 h-r*^2©->7 MhI 
ES£ £<iS;?.TOS c i: S^iif -5 JtSM U 

So 

[0 0 2 1] 

SStfltcS-^T, ##P£©a^*U£f¥*ffl£iJuBJiTr 40 

So 

[0022] m i tt> #$bbjj©»^ ^ »; ©-^s#j© 

StffctRB&ET-i&So IslEtl^l-^ffl^^EU (JWT^ CA 
M£^-5) 10tt> ^fiCCAM^ — H STEJISSSi: 1/ 
T © * OS© C A M y - K £: A ft# * X & f S t&IE £ *T 
-TSt>©T\ CAM?l/-fl2t oy^a— ^14 
£u FR7>jfa-yi6i:, y^-f ;H3 y^-*^ 

bMffl®B&l 8 2~D(Di/7 MUSS2 0 a, 
20bi; N 77-ft';r^x>3- ^2 2 TV^ 
S. 50 
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[0 0 2 3] E^0iJ©CAM 1 0{C43V>T, *-*\ CA 
Myu-f (CAM Array) 1 2 tt, Sfiggbfcy H l^T-JgJt 
£iaS3t#©2 5 6 7-H (2 5 6 Row) ^OCAM 
y — KR0, Rl, R2, •», R2 5 5HiD^.T> 17 

— bfr<DKMte¥ffi(DCAMy— H (Redundancy) R2 
5 6£{i;iT^So **Jfi^JT-(±> H 9 t^f«£3l5©Jt 
ft@8S^jaffl-rS C AM 6 2 £(Dtt®&&%tt£% «t 5 
t N |SI-«J5g©CAMyU^^^fflbfc0ySr^T^ 

[0 0 2 4] ^HJXB^T-tt, CAM7-FR0# 

S±t£©CAMy — r~T?&»K fclTJUfcCAMy— FR 
1, R2, R3, — ©JlSf{CT{£©CAMy— Kfc&tK 
CAM7-KR2 5 5#STt£©CAMy— KTf*Sfc 

UTiMB*fr5^ *«i»ttcnciH«*ti-r, CAM 

y— KRO&gTffifcU «TICCAM7-lfRl, 
R2, R3, •••©J«C±fi5r©CAM'7— KfcU CAM 
"7— KR2 5 5Si±t©CAM7-Ki:btCAM7 

[0 0 2 5] WTJISC ny^n— y (Row Decorder) 

14 a, ii7b-v^ •r«:t)•^^ ^ep^e.A^j$n5 

7HU^ifADR [7:0] £5*3— KU CltUC^f 
JtS b fc C A M >7 - K §J§^1- S fc «>© - K StR^ £ 
tiS±r-rSo n->f3-^l 44>? 1 |±CAM7-KR0 ) 
Rl, R2, — , R2 5 5 2 5 6#©<7 

— l»«R«Wai***l, 7b*l/^ADR [7 : 

o] fc^jfoufci^oy-Ha^M^Etttfy^-f 

[0 0 2 6] FR7'Jr3-yi6tt, ^©CAM7 

My— K^ffi-rs^Hs ;©^CAM7-H07 
h*UX^^f-TS4)©T-feS. ICFRT-Uf^-yi 
6A»e>Ji, WCAM7- K^S^-S^ifo^S^t- 
ffREDUN_EBLJ:, ?fiCAM7-f'®7Hl/ 
^SStifFAILADR [7:0] asm^tlTV* 

So 

[0 0 2 7] C©FR7'Jr3-yi 6 CD^fifeti. fifa^. 
Sba-X^TFR7'Jr3-^l S 
C AM7 — H©y H bT t i— X<&. 

t2J»ft-s^i:t:<t^)^ ^©^^EUy H^X£}g^bT& 
«tV^U feSV>{±. P'glflJW^^&ffilltTiJt, C©« 

S?^ ^ fc^Ffi C AM7- K©y K X bT 
«tV^^^^ ^CAM7-hWKl/^^t5ii: 

i s V^m^)?lJffl njfgT-fe So 

[0 0 2 8] 7i-f;VD')r3-yi'iDfi'7 rf&Jffllil 
S& (Fail Row Decoder & Shift Control) 18^ 
REDUN_EBL*5<ttffl^FAI LADR [7 : 
0] ?»©CAM7-KSefflL,t, ^CA 

My — K«k t) *>±<&y K i/^ffl©CAM7- K©y K U 
^*^7hn«t^t:, <>7hiK2 0a, 2 0b©!& 
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>7 hfflmm^&i'? MsISS2 0 a, 2 0 b ©iSBTj: 

S\±i/7 MeISS 2 0 a, 2 0 bT-&ffi£ftT^3. 
[0 0 2 9] ^3— ^(ffl©^ M3SS (Shift Circuit) 
2 0att, l<7 YUWm^<D®mK.ft.^X, 0*5*3- 

yi 4*>f,7i-f;i'Dr)?3-yii ( tvi/7 \-%mmsk 

1 8 ZftLTXtiZtlZ 2 5 6 #©7 — F®iR(I*f £^ 

TtftT H l/XfflScD^:TCDC AM<7- FC*M5fS!7— K 
il#?(3^£ 1 •oToT{47 K I^tfiJl© C AM7- K^> 
7K -T>fet)*.s ^ICAM7- K.fc7*>T(iTr*l'7v 
(&!!©:£-£ ©CAM7- K©7" Y\s7- %T{&7 Y V 7>W^- 

[0 0 3 0] c:ftic*ru ^>a—ym<D->y vm^2 

Obtt, PIC < 5^7 r#J8P(g^©$iJfflIfC«fc>K CAM7 

W 1 2©^*ve;ft.©CAM'7— r-*>k— mm&-frisX 

A*?tl5 2 5 7#©&s£-i&tB7j(t^©|*|©±(&T Y 

(W©:£-t©C AM-7- Kfc»Jte"*-*«k5»-am*fi^* 
lt)-ro±firTb*l/^{PJl©CAMy— K^>7 K 

CAM?— Y<D7Yls 7s%±tiL7Y Is 7>fiS^> 7 Y~t 

[0 0 3 1] ZZX; ^CAM>7-Htf#St4V^ 
^(IfREDUN_EBL=0), CAM7-FOi 

mt y is* hymr y uxifi-m-rz <t o icfflfflzn 

0, Rl, R2, •», R2 5 S^<D$L$LXtliSfl, C 
AM?— KRO, Rl, R2, — , R2 5 5*»6aj*$ 

ti^m-simtim^^y^-f *vr<f^>^-y2 2 

~^£©**A7j£;h,S<, 
[0 0 3 2] -75\ C AM?- r-##:£-r 
(ifREDUN_EBL=l) , IfFAILADR 
[7:0] £(£oT, ^ICAM9-KJ;!)*.Tffi7V 
l/7l©^t0CAM"7- Kfc*H£if S V— KatRM^ 
As 1 of ^Tffi7 Kl/7i©CAM7-K^J'7 h£tl 
3„ ^&CAM?-K£t>fcT(47' r-l^(H9©:£ 

tocAM7- Kt^f&t- st^-stb^fs^* 5 1 o-r 

o±{iT Kl/Xffl3©CAM'7— K'Ni'^ F^tiSo 
[0 0 3 3] S&fc, zr^HrVT-j^i—V (Prio 
rity Encoder) 2 211 ->7 hiffi2 0b4>f,AA?n 
3 2 5 6*©^-atiJ*fi^tcoVAT, £fa£©@$fcJIB 

{sttc^oT, — atf^tb^nfcCAMy— k©^^ U7 

FU7,£JH&3l>:3-fu dft£§&5teJlS(it*y FT* 
h'V^HHA [7 : 0] £ UTJH*tii73t-S. CAM9 
- K©g5feJ«(4ttfRj.6l&5e;**i-*\ ^^.KT{4T K l^* 
08 * tt±{4T K V 7.(89© C A M V — \t f 5 ft tT@$fe 



[0 0 3 4] CAM7U^©7-Kia^ 1 ? — 

FtC^*ftSCAM-te;i/©b:y r&fcfc(5je>B&£;*:H& 
V>„ ^«S©CAM"7-KttM'7-Hffi!»tT*«tV% 

v^#s g±(5in©^ ; t«;7'Kv^{cEgb&»3 N ^© 
d*5*3-^i 4 X 7^-f ^-ij5=--f3i>n— y2 2t£t£ 

x&m&Mmo * © it v * -r n i> m m aiwzx- $> s „ 

10 [0 0 3 5] ~^T% 2ojy.±©^CDCAMT7— 
ISttfc:®^ 5*3-^©^ 7 MUSS 2 0 aTfciU l o 
g ©^& C A M V — H £ *) t> T(&7 Y b *(M© C A M *7 

— H©7*r*l>'7£ lo-roT<4TFl/^ffi!lt^>7 r £ 

2og©^CAM?-Kit)*>T{4TKV^{ra© 
C AM7- H©T r*U^^2o-r-^T{5iT F I'T^tCS' 
7b^ WTIH«t, i < i B: 1 J&l±«D*ft) Sg© 

C A M <7 — H J: ») t> T(i 7- K 1/ 7x ffl © C A M V — K 
©TKUTx^ifa-roTttTKl/^ffllllC^^ F$-e-Si^ 

20 [0 0 3 6] ^fc, 2o£t±0¥f0CAM7-KSS 
ttfc*§1§i\ oi>3-^{l!l©^7 MH]gS2 ObT-tt, lo 
§®?IC AMT7— t) ^TteT b-I/7,ffl®CAM7 

— y<d7Yv*-& i-o-r-o±&.7\ ! U7.m^>y yz 

2og©^ACAM'7-K<tt) i foT(47'Kl/^a!l© 
C A M -7 - H © T K V 7, S 2 -D-To±<4T r* U C 
7 Y £-th WT|5Ifil^c:^ iSl0^CAM7-Hit) 
fcTffiT 1* U-^fiO© C AM7- Y<D7 Y l>7> S i fifo 

r H) 0 3 7]*t, miK.jfi-r7 ^4 frv^Ti—tris 

3o( J:V->7 b^JfflII5]S&l 8. fckUHC, 2-d<DI/7 YM1& 
2 0 a, 2 ObtoV^iDPiffltliiB^-rs. 
[0 0 3 8] 02BU *^©a«^^U-Cfl9V%?,nS 

•=i—irm<D^7 Y®&<D-mmffl<Dmf$M&mx-3!>z 0 

fflfflMte 1 8 ..^CAM7- K ^(j^ 
UT§&{t^>it^iai[5|ia2 4 fr ffigitTV^o 5*3 
— ymcDisy M18S2 0 att, M0CAM7-HR 
0, Rl, R2, R2 5 6\cMfo\sXm\7t>tltz-t 
40 1/7^2 6*{f^TV%S. 

[0 0 3 9] CLCTn 7i-f ;i/0*5 : 3— y*J<tV^7 
hfWMSlB&l 8©§^©SiJfflI[a^2 4CB, 
5WCAM7-b'l^FRi^ Hue©^J©lHlES 
( 1 «7- K±(4T Y U7>W<D^& C AM7- K^iRd^ 

K*fiS-r s^jwEss) 2 4ipf,ffi7j^ixs^7 bsijfflie 

^©S!E«^SFTNiASA7J^<^-CV^So 

<Dum\m&2 4*»e>m7j^ns^7 haai^sFTi 

tt^ >7 KhI^2 0 a©&^?tli&t-5-fe^7^ 2 6©S 
50 [0 0 4 0] ^CAM7-Kl«etFRi 
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fcfc, ^&CAMy-Y<D7\<l>X&m-fm^FAI LA 
DR [7 : 0] Sf3-KUT§?.n5Ift^5. 
mMW<Di%-£r, WCAM7- h'HRifFRitt, ^ 

®?gCAM"7- l»«?|g*FR iEfchPT**?-* 7^* 

[0 0 4 1] F0S&2 0 a©&*©-feV** 

26tfc #«CDCAM7-KR0, Rl, R2, 10 
R2 5 6fc*fiS^-£7— F5IiR«*§W i i:, lo±{£7> 
KMi»©CAM7- Kfc^ffB-r^y— KSlR(s^Wi 
- l#A*j;*ftT^5. &*©-feU** 2 6©5I 

if?a8?£fefc, iiuiE©«>K &*Ml&irZ$m\2l$&2 4*» 

6- >;7 FfMWI^SFT itfATjSft, &*©-fel^* 
2 6©W7jfs^GWitt, =&^*fJ5&^-5CAMy-K^ 

[0 0 4 2] ^x-fjl.p^- y43iir<>7 hffiffia 
SS18T-ttx ?SCAM7- F##aEb&V>*§^ 
©#JW3B&2 4fr£ffi^£ft3i':7 FfSUWs^SFT i 20 
tt^T'^-r z^btfgfc&S,, 1/7 YMm 

2 0aT*fcfc> 7-KIfGWii:bT, &*©-fel^* 
2 6A i e>#^CDCAM'7— KR 

[0 0 4 3] -TJs ^SCAM^-K^^Ef 
T^7~^ ^ttlC-ffiCAMy — FSiRftMjF R i 
tf T(4T F U ^MO^:T C AMT7 — F SltRfl^ F 
Rifc*t/&-r3fMfflH]E&2 4*e,tB^$n^'>7 FftJfl? 

&*?<D*lstr* 2 6frt>\Z, V— FM^GWihL-^ 30 
1 0±{4 7 F 1/ XWCD C A M >7 — F tc^tef 5 "7— F5I 

iRfg^w i - 1 tftH*^n5o 
[0 0 4 4] -f&*5*K 0 3©|?fe§:0K#;b»f)^<^l, 
0iJ^.Jfa#©CAMy— o~P 6*-^ 

fi0CAM7-KT-feSP75!) s $5i:t5. d • 
^CAMV-K*sp3ffe-5t-|-5i:, CAM 

7- KP0~P2KB, 3 T7-F51IR{I^L 
0~L2*SA7j£*l&<, ?gCAM7- FP 3fctp»>l^ 

^;i/{ca^^n, CAM7-KP4~P7t:it 

^f ^>>7 F£*lfc7-F^fg^L3~L6#A7j;* 40 

[0045] ci^tn ®4iC7fi-rm{*.mzmfx. 7* 

y<m©>>7 F®ES£££{ci£ffl(cgitii!-rSo 
[0 04 6] 04 (a) fc^-r£-5fc:> 7i-f^D>)r 

fc}\ OR<7*-F2 8fc. -<>M-* 3 Oi: *i 
TV^S. OR^-h 2 8©2o©S^A7J^K:H:, & 
^ttJS-rs^&CAMy-FgiRfs^i^ mfS©©Jffll[el 
SS2 4^f,Hi7j$nS^7 h»JffllM^©Se^SFT 50 
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Ni#A7j:*ftTV^„ Sfc, OR7'-b2 8*»P,li>> 
7 FftJSPfl^SFT i#tB7j£ft, -O^-* 3 0 
UT^©Mtefi^SFTNi*stB*^nTVNS. 
[0 0 4 7] ^3— ^©>>7 0 a©& 

❖ 0*1/7^2 6^ 2 O© A N D -7* — F 3 2 , 34 

N0R7"-h36fc, ^fWW3 8t, n^77 
4 0 #tj&5*ftTV^ 0 AND^f*— h3 4©2o© 

SfeA77^?tCJi, §*©CAM7- FRitCjfcfjS-rS 
y-FSIRfl^Wi i;, &4?*fJSf -5©J®|51S&2 4©0 

r<7*-f 2 Bfrtb&jizixz^y Fffiianfi-^SFT at 

ATj^ftTV^. — 75\ AND-7*— F 3 2© 2o©Kfe 
A77SS^{CH:> 1o±{4:pF1^»E>CAM"7— FR i 
- 1 K*foc5Tr-5 »7- F3IS?fI^W i - 1 mm<Dfflffl 
i£32 4©-f >^-*3 0ipe>tH*^ns>>7 FSHj©e 
fORfiifSFTNi- l#A7j£ftT^So 
AND-7*-F3 2, 3 4©tii;*j{g^fct#£N0Ry- F 
3 6{cA7J#n, NOR-7*— F 3 6©tB7jfs^{±v -i > 
3 843£W??77 4 0^UT7- KlfGW 

[0 0 4 8] 04 (a) K^Tt-iaS&T-fcju ^ICAM7 
-WMlSim IfFAILADR [7 : 0] 
£^3— KUTH&ix^ICAM7- 0 
j^0dT-^ N A N D -7* — F 4 2 ©ttiTjfs^fcfc^-OW U 
'•WfcfcS. ^fiCAM7- F##£U&Vvt§ 

£\ «±ffiT b , l/7.(Di'7b flOTffl ^©Htels^ S F T 
NOfcfW U-Vl/ffctK OR-T*— h 2 8©tH7J(t^ 
-T&fc*., :£-?:©*>:7 FCTWfSFT ittD<?l^ 

;K -f 3 0©tB7jf§^ -T&to*>, >y VMM 

IfOSfiSfSFTNittit/W W<Jl>ii1&Z>o 

[0049] ^t, is-? vmmm^cD&mm^s f t 

Ni#A7j£*VTV^ANDy— F3 2 ©ttiTtjfl^ttn 

<?u"<;i>i:$:-5©-t-, */7 hftmm^sFT nfixijz 

tvrv^AND-7*— h 3 4*>^, 4*e, 
tiJTJ^nS^-KSlRfi^WiiSto*^^ NOR-7*- 
h3 6> •f>n-i'3 8i)J;VMs/77 4 0Mlt, 

[0 0 5 0] -7?> ^aCAMV-K*s#«-rsS^-> 
IfFAILADR [7 : 0] ^5=3— K LT»e»ilS 
^&CAM7-KaiR{s^£l*#P'7l'^;bi:fc£o d 
nfc«t?3, ^©^^CAMy-F^fS^FRi^tf 
TtfiTFU^C^TCCAMy— F{c*rji&-r5^>7 F 
©J®e^SFT ifct;w ^©Stefl^S 
FTNitt±tD7l"<;i/t&5. 

[o o 5 i ] ^^e•^T^ D^u^;i/©^acAM9-Hi 

VUs^ZStsTtiLT F l/^fljCD±t©CAM7- Ft*f 
JGS-r£*rl^* 2 6T-tt, £>-7 F^Jfflie^S F T i #A 

^$nxvA5ANDy— f 3 4(Dmtim^tiz"7i"<jv 

i:*S©T% ^©Steft^SFTNitfA73$n-rv^ 
AND -7* — F 3 2 2p£>x n t>=r^— V 1 4 A^fetiJTJ^n 
5, 1^(47 Kl/7iOCAM7- Ffc*tJ55-r-S'7 — 
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KiliRfB^Wi- l#ffi*/£*U N0Ry-h36, -f 
>;t-^3 8i,t^v77 4 0^l/Tv 9— KI^, 

[0 0 5 2] Dr)|/^l/©?ICAM!7- F5IJR 

0 1> ±{£7" F \y xm<D±x OCAM7- F tc*to6 
■TS-feV** 2 6T'«\ FfSOTft^SFT ittD*? 
^"<;l/i:55:^)^ fOfifeif SFTN ifcfc:£T;W l/^ 

FSiRfI^«fc ?3 *>±{£;P F U^fl©^tOCAM l 7 — F 
Wn-bL'i'^ 2 F«M*£ 10 

[0 0 5 3] 04 (b) B\ ^©o-^n-*'©-^ 

v^&^f^fflCAMT-fflv^&ftsn^ra— i^© l y— 
K#£^bfc*>©-e&.5o 'CTTn NAND^ — h 4 

4, -f>M— *3 8*iWt»7 y 4 OH:. 04 (a) 
\Z7ji-r*&Wl£&Z®V8KL&^T, ^JVeJlNAND^f 
-h44, 3 8*iV^-y 77 4 0 fcfiSt 

5. 20 
[0 0 5 4] £©04 (a) :}3«fctf (b) fc^-TEES* 

Mit^*U£iil?t>a>&J;d{^ #3SiElc^£[aii&©>&JoS& 
Mffl®&2 4{cffl^-Ti,OR'7 , -h 2 843J;V>f 
WW3 0t, -teU^* 2 6{Cffi^-r-S 2o©AND 
^-h 3 2, 3 4;}3<fctfNOR'7*— F 3 6©*T-;fcS,, 
Cft6ffl[5]E&fcjU #J*«0 8fc^?1£*©CAMK*fb 
Tiiio$nsielS&T*^oT, 09fc7jcm*©CAMfc: 
:fcW-5SIADias&i:it^ftfc£, ^©!!ES;l^tttfjjtV">fC'.h 

^©tB*;;S®B#Fi3fcgi«>T*S^o 
[0 0 5 5] ffi^X, 0 5 tt, **W©Jtffl!^ * U T'/B 30 

e>V{C3i>3-^©^7 F0S&©— ^#l©#t/£tRB& 

|5]0fc7jVr <fc-5K, 7i-f*D*T3- ^43 

ilF>>7 FffiMUHU&l 8©#tfi2fciu 0 2K:^-r4)©i:[Bl 
— T*fc£. oi>n— Vm<D->7 MHSS2 Obtt, 

MCCAM9-KR0, Rl, R2, — , R255C 
ttlSbTKH-feftfe-feP*^ 6S01;tTU5. 

[0 0 5 6] 05^-r^jT-tt, mm&gmii-r 

^ffl0©^7 M1S&2 0 b©HuS!t:t) 
^aiWVi/n^rn— ^«tif>>7 h$<J®le]SSl 8 £aB»* 40 

h i&Jffll HS& 18lt ^ 3 — ^ffl943 «fc tf^ > 3 — *"{ffl© > 
7MHB20a, 2 0 btc^*veftfffiSiJfc:K!l*T4><t^ 
U 01£^-r«fc-5M, *>7h#J$!fl^SFTii:^© 
fitee^SFTNi^§|§ilbT^U Wt-7x>f 
^D7f3-y*J;ifj/7 F$J®[5|8&1 8&«ffl^-5J; 

-SfcbTfc.fcW. 

[0 0 5 7] E5fc^>7 MSS&2 Oblc&ivc* & 
*©-feU**4 6tCfc£ x S«OCAM9-KR0, R 
1 , R 2 , . .. R 2 5 6 tc^^5t&5ft*§*m7jfl^0 50 
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ROUTii:, loTt4TKVX«!l©CAMV— 
JSTat&^ISSIffiTJft^O R O UT i + 1 ifiAJiZtlX 
V^„ &*©-fel/^* 4 6©S#?i8mcBu 

1^**4 6©tB7jM^PRi i«±> t^-t^Utm^ 

3-^2 2^A7J^nTVNSo 
[0 0 5 8] 7 ;PO>>^n— y&X.Vis7 FftjfflHS 
B&l 8©»tfM±Hu&©S9T-;&£o ffet)*.s ^FSCA 
M?-F##:£b&VM®-6\ #^©SiJ6S[lSS2 4ip6,m 
7J^nS^>7 F#J®ft^SFT itt^T^-fT'tt'Si: 
itlUjt&bt, «>7 MHISS2 0 bT-fcfc. gfPR 
li^bT, #>!?©-trl^*4 6^?>#«©CAM'7- 

f r i KMfo-rz&m&mtiitimtto routi ifimti 

[0 0 5 9] -7j. ?ICAM7-h'##St58^ 
7*^-1 7Vtm<D^&CAMV-YM1Rm^FRi*-£ 
tfT(4T F U^«a©±T©^AC AM7- FSJRd^fF 
R i^JESfS$iJfflI[lgS2 4*>6>tti7j;*ft£S'7 F#J8P 

&*r<D*l>**4 6*&lt M^fPRlifcb^ lo 
T(4T Fl/XfflOCAM9- F£*M^3lfc?if*£*tii7J 
i^OROUTi+ l*stB73^nSo 

[0060] -?i3it>*>, m^<om^m^ifi*)m<m^ 

fc«k-5tl, plb<iiS©CAM'7-F* I P 0~P 6*f 
ifctK fI®CAM7-fffc5P7^^ ?SCA 
MV—YifiP 3X&Z>h-rZ>t:, CAM7- FP0~P 
2 ©tfc3M£*tH*/f5^tt ^£© **<sfL0~L2fcbt 
tti73£ftS. ifc. CAMV-FP3©tft^^ai73m 
^Bl^^n, CAM7-FP4~P7©&3t*S*ai7J 
m^i*. ^l^->7b$ixt(ifL3~L6kL 

[0 0 6 1] ££T% 07t*tMIWWC, 7 1 

[0 0 6 2] 07 (a) fc;jrr«fc-5£, 7i>f^D7f 
3-^*3 J: V^>7 h$iJfflII5]SS 1 8©&>«?©$iJffll[5]S&2 4 
B\ 04 (a) C^t)©i:^:<|sIbT-feSo tot> 
gEtciE^feJ;-5fc:> 07 (a) ©«gi^T-H*nfe^ 
fciU ^-yffiO©^^ M18&2 0ai:«ffl-rs^i:ASpr 
#6T-fet)s 01tr^t-«fc-5t > 7i-f;i/n7r3-n 
«ttFi/7 F$iJSlIiIS§l 8iP^>^>7 h^fS^SFTii: 
^©Ste^^ SFTNi£§|#[Hl VXmffi bT 4) i V>. 

[0 0 6 3] x>3-yffl©<>7hiSS2 0b© 

^^©-bl/^^4 6H\ 2o© h7^f ^5^— b'f >M— 
^48, 5 0K:<t »)«fig$nTV^So F^-f^T^-F-f 
>M-^4 8{ZH:, &^*fJ5t;t--5CAM'7-F©tft^ 
^HiTjOROUT i^ATJ^^ F^-f ^t 1 — F'f 
— ^5 0ttt, loT(Si7'Fl'^©CAM'7-F©t^ 
^SffiAOROUT i + 1#A7j;**u ^#©m73© 
^-ft-K^^fltgfPRl itbttil73^n 
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[0 0 6 4] b^W^-b-f 48©$U 

mmMXii^ a «t v y^j b -r >m— # 50© 
$ij»A*jg?ttt, ^ttfo-rzisy vmrnm^sFT 

i (OR^-b 2 8©&£<g^) ifiXtl^il, >7^7 
b-f Wt— * 4 8 ©$JfflIA^?*5<t V b ^t 1 
- b -i 5 0 ©fffl8JJ£teA;&Sg? ictt, 

f 3 >7 b#JWs^©K&f3^ S F T N i ifiXtJ^tlX 
V^So ^7 M&IIifSFTifc^OSfil 

fSFTN i<D&m&lfobX¥*>t>ii>-lj<Dfr&*>, 10 

[0 0 6 5] 07 (a) fcjjVTlelSSfC&^T, ^ICA 
M7- W#SL5ViS^ gttCiE^fe^d^s £T© 
*fiCAM7-pjfflRfi^ H^WCOU NANDy- 
b4 2©ffi;b{s^fck£T-'WU'<;i'i:&3. S± 
&TYV*<D*sy bfM»I*f©£te{l^SFTNOfct>N 
-n/^l/T^O^ OR-7-b 2 8©m2>{3^ -r&*> 
*>> £T©^7 bSOTM^SFTifcto^i^K -Y> 

^-^3o©m^«^ isy v®mwm<DEt 

igfg^SFTNitt^T/W l^-^^iUfeSo 20 
[0 0 66] fct, >7 b^JSIKS^OEftM^S F T 
N i ^©ftjapA^iS^fcA^ftTV^ b 5 -f X^— 

^©#JfflIA;&^fcA££ftT^& b^^-b-f > 
A-^5 0li*7t5(DtN ItPRlitlt> 

*te-r s c a m v- y (D&m&mtiiti o r o u t i #m 

[0 0 6 7] ^^CAM>7-Ftf#4E-rs«^ 

ifFAILADR [7 : 
0] £:r:3-KLT*§£>ftS^&CAM<7-h-51^«^ 30 

(NAND-y-b©£B;Ws^) ^fr^D^l^l/i:*; 
So dtUCtt), IO^CAM7- KSiRft^FR i 
£^tf T{&7 K l<Xffl<D±T<DC AM7 — b £*fJfc-T £> 

bfMWf sft i/"*;i/i:7&»K ^©Ete 

M^SFTNitt^:TD^u^;i/i:*5 0 

[0 0 6 8]^otx n^l/^KD^CAMy-Kl 
tf?ft^ £ ^tf b* V 7.M<D±.~C © C A M «7 — b* £*f 

Jfcf.S-trU**4 6T?fcJU bftJfflHs^fSFT 
©fMflPA^Sg^fcA^ftTV^ h7-f ^^-b-f 
-*5 0#;*>U b®iai«^©R!i£m^-SFTN 40 
i*s^e©$iJffl!A^ig^tA*$nTV>S b^-f^-b 
W Wt— *4 8tt^-7-TS©T% ffPRli^Ut, 
1 oTtiT b* l^iPjCC AM7- b*©&55t*S*aW»0 R 

ouTi+itfii}*#ns. 

[0 0 6 9] ^ 0|>1"<J1/©^CAM7- b'SIR 
fl*f .fc !? *>±f£7 h'l/^fi|©^t©CAM7- b*£2t*S 
-TS-feU**4 6T-BU bftJSPfs^SFT ifcfcn^ 

;i/©**"??feSo tiEot, D->U^l/©^CAM>7- 
b'®#?{s^«fc H±ffi7KU^{l©^T©CAM9-l ! 50 
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[0 0 7 0] 07 (b) fcJu t^©3i>n-^{pil©ffi*> 
MfflbT^fc^t^©CAMT:-ffl^k:h.5^>:3 — 

©m^gp, Tfcfc-feK &*©CAM9-b©t£3t*sstB 
^3© 19— b^-^^bfc4)©T?fe5o i;t\ -irwt— 
*5 2li, 17 (a) t^-r*%w^#sia^t3^ 

T> b^f^ir-H' Wt— *4 8fcffl^-rSo 
[0 07 1] C©i7 (a) *>«fcV (b) t^t-[slg&& 
m^ftKW -5 fc. *^fc^s@SS©iiAnge 

sijfflii5iK2 4^ffl^-rs[EiEggi5^«ffl-rsfc-r 

Si:, -trW**4 6&^t-S b^W W Wt- 
^5 0©^ffe5o CI©[ElS&fciU mKiaSKl^-m* 
©CAM£#bT^P;*n3[I]E8T-;&o-^ 09JC^-r 
^©CAMfcfcMtSj^DH&hifc^ftfciU ^©@gS^ 

[0 0 7 2] W±©«fc-5t^ *^©CAMttt, 169 

£@8S©£igt#'.h;*<U b*>fc, ^^©ftftlHlg&Ji 
f»LfeCAMtSoT, fBtt^-^C'J-F/v 
-f b©T*HrXB#^tfcsisl!rfm£> ^©fPfi> A/^Jtigt 
-?»i□^&^f3^^I^T•{i«:v^©T^ K£k®&ifimtt ibix 

t v%t^© c a m t it^x i> a^affi^ffHttsepi 
[0073] ^woJts^^e uau a*a«j(cti±©j; 

•555:t©T-feSo ^^©a^l^^'JtoVNTp 

^©±g*j@|Bib^V^H{c*5VAT^ H^©3feA^ 
S£ bT «fc V>©fcfc *> "fe 3 A,T- 3 „ 
[0 0 7 4] 

[^W©^I*] W±^lffltC^bfc«{C, *^B^©Jg« 
;*^'Jfct> SfS©CAM«7-HlC$*n3^CAM9 
-Fffl7Kl/7««^U M^CAM7-Kffl 
7Fl/^«SC^t, ^CAM-7-K^ffifflCA 
MV-b*SAn#^.5«ta»C$iJ^lbs ?6CAM«7-K 
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